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How adhesive contacts with neighbors may affect
epithelial cell cytokinesis is unknown. We report
that in Drosophila, septins are specifically required
for planar (but not orthogonal) cytokinesis. During
planar division, cytokinetic furrowing initiates
basally, resulting in a contractile ring displaced
toward the adherens junction (AJ). The formation of
new AJ between daughter cells requires the disen-
gagement of E-Cadherin complexes betweenmitotic
and neighboring cells at the cleavage furrow,
followed by the assembly of E-Cadherin complexes
on the daughter-daughter interface. The strength of
adhesion with neighbors directly impacts both the
kinetics of AJ disengagement and the length of
the new AJ. Loss of septins causes a reduction in
the contractility of the actomyosin ring and prevents
local disengagement of AJ in the cleavage furrow.
By modulating the strength of tension induced by
neighbors, we uncover a mechanical function for
septins to overcome the extrinsic tension induced
by neighboring interphasic cells.
INTRODUCTION
Epithelia exhibit a typical apicobasal architecture that is funda-
mental for their function as a barrier between the body and the
environment (Simons and Fuller, 1985). This barrier depends in
large part on the formation of adhesive contacts within AJ that
are formed and stabilized by E-Cadherin (E-Cad), b-catenin
(b-cat), and a-catenin (a-cat) linked to F-actin cytoskeleton
(Cavey and Lecuit, 2009; Gates and Peifer, 2005; Nishimura
and Takeichi, 2009; Yamada et al., 2005). During development,
epithelia undergo extensive reshaping via remodeling of cell-
cell contacts.While E-Cadhasbeen shown toplay a fundamental
role in epithelial morphogenesis (Friedl and Zallen, 2010; Lecuit
and Lenne, 2007; Nishimura and Takeichi, 2009), surprisingly
little is known about the maintenance and transmission of
adhesive contacts during mitosis. This is an essential aspect of
epithelial tissue homeostasis. Indeed, during development and
throughout adult life, epithelia undergo constant growth and
tissue regeneration. Proper orientation of cell division is essential
for morphogenesis, acquisition of cell identities and function of242 Developmental Cell 24, 242–255, February 11, 2013 ª2013 Elsevtissues (Baena-Lopez et al., 2005; da Silva and Vincent, 2007;
Lechler and Fuchs, 2005). In epithelial tissues, the plane of cell
division is not random and depends on the type of epithelia,
timing of development, and cell fate acquisition. The cleavage
plane is either parallel or perpendicular to the plane of the
epithelium. When the cleavage plane is parallel to the plane of
the epithelium (orthogonal division), one daughter cell leaves
the monolayer apically or basally. This is essential for the gener-
ation of stratified epithelia (Lechler and Fuchs, 2005; Poulson
and Lechler, 2010). However, if the cleavage plane is perpendic-
ular to the epithelium (planar division), the sister cells remains
within the monolayer and contribute to the planar growth of the
tissue (Baena-Lopez et al., 2005; da Silva and Vincent, 2007).
Cytokinesis is a process initiated during the late stages of cell
division that consists of separating a mitotic cell in two to ensure
that chromosome number is maintained from one generation to
the next (Fededa and Gerlich, 2012; Glotzer, 2005; Green et al.,
2012; Robinson and Spudich, 2004). Following sister chromatid
separation, the anaphase spindle signals to induce at the cortex
the assembly of a contractile actomyosin ring that bisects the
spindle. Furrow ingression progressively closes the cytoplasmic
connection until a narrow bridge separates the sister cells.
Abscission resolves the bridge generating two distinct cells.
Numerous studies have led to the identification of the core
molecular machinery underlying cytokinesis (reviewed in Fededa
and Gerlich, 2012; Glotzer, 2005; Green et al., 2012; Robinson
and Spudich, 2004). In contrast, how the robust epithelial archi-
tecture is maintained throughout mitosis and transmitted to the
daughter cells is largely unknown. Key questions still remain
unanswered: are identical machineries regulating planar versus
orthogonal divisions, is epithelia integrity preserved during
mitosis, and how are junctional complexes rearranged to form
new junctions separating daughter cells at the exit of mitosis?
In cytokinesis, the contractile ring is composed of actin, non-
muscle myosin II, and septins. Myosin II forms bipolar filaments
that bind and exert forces on actin filaments, leading to ring
constriction (Fededa and Gerlich, 2012; Glotzer, 2005; Green
et al., 2012; Robinson and Spudich, 2004; Satterwhite and
Pollard, 1992). Septins are members of a family of evolutionarily
conserved GTPases forming hetero-oligomers that polymerize
in vitro to form 10 nm filaments that can associate to form
higher-order assemblies (Field et al., 1996; Frazier et al., 1998;
Kinoshita et al., 2002). In vivo, studies of wild-type and mutant
budding yeast by electron microscopy and immunofluorescence
have led to the hypothesis that the septin polypeptides are the
major structural components of the 10 nm filaments foundier Inc.
Figure 1. Pnut Is Required for Planar Cell
Divisions but Dispensable for Orthogonal
Divisions
(A and B) Schematical representation of cytoki-
nesis of the planar division of the pI and epidermal
cells (A) and orthogonal division of pIIb/pIIb-like
cells (B).
(C–H) Time-lapse imaging of Pon-GFP expressed
in wild-type (C and D), pnutxpmutant (E and F), and
dia5 mutant (G and H) organ lineages. (C), (E), and
(G) show the division of pI; (D), (F), and (H) show the
pIIb/pIIb-like cell divisions. Top views are maximal
projections of 10 mm, and orthogonal views are
projections of 0.5–5 mm. In (E)–(H), the red dashed
lines indicate the nuclei of multinucleated cells.
Time is in hr:min.
(I) pnutxp mosaic notum stained for E-Cad and
nls-GFP (green) and DAPI (red). Blue asterisks
indicate multinucleated epidermal cells. Mutant
cells were identified by the loss of nls-GFP.
(J–L) Ratio of pI (J), epidermal (K), and pII/pIIb-like
cells (L) that undergo a complete (blue) versus
defective (red) cytokinesis in control and pnutXP and
dia5 mutant cells. For epidermal cells, the quanti-
tation of defective cytokinesis was obtained by
time-lapse analysis of control and pnutXP mutant
epidermal cells usingE-Cadherin::GFPasa reporter
(see Figures 4, 5, and 6). The number of cases
analyzed (n) are indicated above the histograms.
Scale bars represent 5 mm (C–I). See also Fig-
ure S1 and Movies S1, S2, and S3.
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Septin Functions in Epithelial Cytokinesisencircling the mother bud neck (Byers and Goetsch, 1976; Ford
and Pringle, 1991; Haarer and Pringle, 1987; Kim et al., 1991).
Septins form a membrane-associated filament lattice (Rodal
et al., 2005; Vrabioiu and Mitchison, 2006) that directs the
recruitment of other contractile ring components and is essential
for cell cycle regulation, cell shape, and cytokinesis (Gladfelter
et al., 2001; Hartwell, 1971). Septins also concentrate in the
contractile ring of fission yeast and animal cells (Kinoshita,
2006; Versele and Thorner, 2005). However, in the absence of
septins, cytokinesis is completed in fission and budding yeast
as well as in the C. elegans one-cell embryo (Maddox et al.,
2007; Wloka et al., 2011). Therefore, in these system models,
while septins are core components of the contractile ring, their
activity is at least to some extent, dispensable. Cytokinesis fail-
ures have been observed in some Drosophila tissues homozy-
gous for a mutation in the septin gene peanut, the Drosophila
ortholog of human septin7, but cell divisions in other tissues
were not affected (Adam et al., 2000; Neufeld and Rubin,
1994), indicating that the requirement for septins in cytokinesis
is context dependent. However, the molecular bases for this
context dependence are unknown.
In this article, we investigate the role of septins in the
mechanics of polarized epithelial cell cytokinesis. We utilizedDevelopmental Cell 24, 242–255,the Drosophila dorsal thorax as a model
system as (1) in this single layered epithe-
lium, cells divide either within or perpen-
dicular to the plane of the epithelium; (2)
the cell divisions can be imaged in a
noninvasive and quantitative manner onliving specimen; and (3) this model is highly amenable for genetic
dissection of these processes.
RESULTS
Septins Are Required for Planar Cell Cytokinesis but
Dispensable for Orthogonal Cell Division
The adult dorsal thorax of Drosophila melanogaster consists of
a single-layered neuroepithelium composed of sensory organs
(SO) surrounded by epidermal cells. In this seemingly simple
system, three types of epithelial cell divisions are taking place:
(1) the planar cell division of the epidermal cell that contributes
to the growth of the epithelium; (2) the asymmetric cell division
of the sensory organ precursor (SOP or pI) that takes place
within the plane of the epithelium to generate the two epithelial
pIIa and pIIb cells; and (3) the pIIb cell that divides orthogonal
to the plane of the epithelium and generates an apical pIIIb cell
that remains within the epithelium as well as a basal cell that
delaminates and adopts a glial cell identity (Figures 1A and 1B)
(Gho et al., 1999).
In a double-stranded RNA (dsRNA) screen for genes affecting
SO development, we identified septin 2 (sep2), septin 5 (sep5)
and peanut (pnut, the ortholog of mammalian septin 7) (Le BrasFebruary 11, 2013 ª2013 Elsevier Inc. 243
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regulators of SO lineages. We here confirm the dsRNA-induced
phenotypes in SO lineage using pnutXP, a null allele of pnut
(Figure S1 available online) (Neufeld and Rubin, 1994).
To understand how depletion of septins affects SO lineage, we
use time-lapse confocal microscopy to monitor asymmetric cell
divisions within the SO lineage. To this aim, we use the mosaic
analysis with a repressible cell marker (MARCM) method (Lee
and Luo, 1999). As previously reported (Gho and Schweisguth,
1998), in the control situation SOP divides within the plane of
the epithelium with Partner of Numb (Pon) being asymmetrically
localized at prometaphase and unequally inherited by the ante-
rior pIIb cell (n = 19/19; Figure 1C; Movie S1). Next, pIIb divides
orthogonal to the plane of the epithelium giving birth to pIIIb and
the small glial cell (n = 16/16, Figure 1D; Movie S1). In the SOP
mutant for pnutXP, while the unequal segregation of Pon occurs
properly, the newly formed plasma membrane separating
daughter cells ingresses giving rise to a binucleated cell (72%
of the cases, n = 18/25; Figure 1E; Movie S2). Strikingly, this
binucleated cell that adopt the pIIb identity enters mitosis and
divides orthogonal to the plane of the epithelium (Figures 1F,
t = 2:16, and S1). It gives birth to a small subepithelial cell that
eventually migrates, the glial cell, and to a larger sibling cell
that remains epithelial. This latter then divides perpendicular to
the plane of the epithelium, completes cytokinesis and gener-
ates two daughter cells with distinct identities (88.2%, n = 15/
17; Figures 1F and 1L; Movie S2; data not shown). Lineage anal-
yses and quantitation of the phenotypes are recapitulated in
Figures 1J and 1L and S1B–S1K. Hence, Pnut is required for
completion of cytokinesis of the SOP, but is dispensable for
orthogonal cell cytokinesis. Loss of Pnut also causes defective
cytokinesis in epidermal cells, revealing that Pnut is selectively
required for completion of planar cell cytokinesis (100%, n >
50; Figures 1I and 1K). Interestingly, this differential requirement
for planar versus orthogonal cell divisions is somehow specific
to pnut as in another cytokinesis mutant such as the formin
diaphanous (dia; Castrillon and Wasserman, 1994), cytokinesis
of both planar and orthogonal cell divisions are impaired
(85.7%, n = 12/14; Figures 1G, 1H, 1J, and 1L, and S1L–S1N;
Movie S3).
Septins Assemble into Hetero-oligomers Localizing
at the Cytokinetic Furrow
The above results pointing to a function for Pnut in planar cell
cytokinesis, we then analyzed the localization of septins. During
interphase of the SOP, endogenous Pnut is enriched apically at
the level of AJ stained with E-Cad but does not colocalize with
E-Cad. There, Pnut distributes in small tubule-vesicular struc-
tures (Figure 2A) that are also seen with Sep-2::GFP (interphasic
cells in Figure 2E). Pnut also localizes along the basolateral
cortex albeit to a lower extent (Figure 2A0). From prophase to
prometaphase, Pnut localizes homogeneously at the basolateral
cortex. In early telophase, Pnut starts concentrating in the
contractile ring of mitotic SOP (Figures 2A and 2A0). Similar
distributions are observed for Sep1-GFP (data not shown) and
Sep2-GFP (Figures 2E and 2F). Strikingly, loss of Pnut or
silencing of sep5 result in the disappearance of Sep2-GFP stain-
ing (Figures 2B and 2C), suggesting that, as reported in budding
yeast (Haarer and Pringle, 1987; Kim et al., 1991) and in mamma-244 Developmental Cell 24, 242–255, February 11, 2013 ª2013 Elsevlian tissue culture cells (Kinoshita et al., 2002; Tooley et al., 2009),
assembly of Drosophila septins are interdependent in vivo.
Together with the fact that four Drosophila septins were recov-
ered in the dsRNA screen (Le Bras et al., 2012), these localization
data suggest that Drosophila septins can form hetero-oligomers
within the contractile ring and that in clones of cells mutant for
pnut, septin function is impaired. Why then are septins selec-
tively required during planar cell cytokinesis?
The Cleavage Furrow of Planar Cells Progresses
Asymmetrically in a Basal to Apical Direction
One fundamental difference between orthogonal and planar cell
divisions is that in planar division the cleavage furrow bisects the
E-Cad adhesive belts associated to the cortical actomyosin
network. The topological difference prompted us to compare
the formation of the contractile ring in orthogonal versus planar
divisions by monitoring the dynamics of Sep2::GFP in living
pupae. In anaphase of orthogonal division, Sep2::GFP localizes
homogenously in a ring that contracts symmetrically in about
5 ± 1 min (Figure 2D, n = 17). In contrast, in anaphase of planar
cell divisions, Sep2::GFP is initially enriched on the lateral portion
of the contractile ring at t = 0–1 min (Figures 2E and 2F). A similar
lateral enrichment is observedwith the PHdomain of PLCg fused
to RFP (PH::RFP) used as a marker of the plasma membrane
(Figures 2E and 2F). The asymmetry is even more pronounced
for the myosin regulatory light chain (Spaghetti squash, or Sqh)
fused to mCherry, hereafter referred to as Myo::mCherry (Martin
et al., 2009). Myo::mCherry is initially distributed in a basolateral
U-shaped pattern within the contractile ring (Figures 2G, t = 0,
and 3A and 3A0, t = 0–3 min), prior to localizing uniformly in the
contractile ring (Figures 2G, t = 3:00–7:30, and 3A and 3A0,
t = 3:30–8:00). Quantitative analysis of the ring perimeter and
position of the center of the ring (Figure 2H) reveals that the initial
uneven distribution of Sep2::GFP and Myo::mCherry is accom-
panied by an asymmetric constriction in a basal to apical direc-
tion (Figures 2F, t = 0–2:00 min, and 2G, t = 0–3 min). In a second
phase (Figure 2F from t = 3:00–7:00 min), the ring contracts
symmetrically along the apical-basal axis (Figure 2H). The ring
is initially connected to AJ labeled with a functional E-Cad::GFP
knockin allele (Huang et al., 2009). As symmetric contraction
proceeds, the contractile ring seems to detach from E-Cad::GFP
adhesive contacts (arrowheads in Figure 2G, t = 4:30 and see
below). As a consequence, at the end of cytokinesis (Figures
2F, t = 10:30, and 2G, t = 7:30 min) the fully contracted ring is
positioned at the apical side of the cell 1.5 mm below the belt
of AJ (1.5 ± 0.5 mm, n = 19, Figure 2H).
Septins Regulate Actomyosin Ring Contractility
but Are Dispensable for Asymmetric Furrowing
Asymmetric furrowingwas initially documented in embryonic cell
division in a variety of species (Rappaport, 1986), in polarized
cultured mammalian epithelial cells (Reinsch and Karsenti,
1994), as well as in the C. elegans one-cell embryo (Maddox
et al., 2007). In this latter model system, septins were shown to
break the symmetry of actomyosin cytoskeleton within the
contractile ring. In contrast to the nematode, furrowing remains
asymmetric in pnut mutant cells (Figures 3B and 3C). Interest-
ingly, while asymmetric ingression persists, we observed that
loss of Pnut causes an 2-fold reduction in the rate ofier Inc.
Figure 2. Septins Form Hetero-oligomers
Localizing in the Contractile Ring, and
Furrowing of Planar Cell Divisions Is
Asymmetric
(A and A0) Localization of endogenous Pnut (green)
Numb (red) and E-Cad (blue) in SOP from inter-
phase to pIIa-pIIb cell stages.
(B–B00) Localization of Sep2::GFP in pnutxpmosaic
notum. In pnutXPmutant cells identified by the loss
of Pnut (red), sep2::GFP (green) staining is lost.
(C and C0) Sep2::GFP staining (green) is strongly
reduced upon expression of sep5dsRNA under the
control of ap-GAL4.
(D) Time-lapse imaging of the contractile ring
labeled with Sep2::GFP.
(E and F) Time-lapse imaging of Sep2::GFP
together with PH::RFP during the planar division of
an epidermal cell. (E) and (E0) are apical and
median confocal sections, while (F) is an orthog-
onal section parallel to the cleavage furrow
(dashed line in E0).
(G) Time-lapse imaging of Myo::mCherry and
E-Cad::GFP during ring formation and constriction
in epidermal cell (orthogonal sections).
(H) Quantitation of the ring perimeter over time
(black line, expressed as ratio to the initial perim-
eter) and plotting of the center of the ring relative to
AJ (green line) in control epidermal cells. The ring
first contracts asymmetrically during the first
3.29 ± 0.6 min (gray area) and then contracts
slower and symmetrically. The position of the ring
center drops to 1.5 ± 0.5 mm (average ± SD) below
the AJ (n = 19).
(I) Schematics of the measure method of ring
perimeter and ring position and of the effect of
asymmetric versus symmetric ring contraction on
ring position. A decrease of perimeter associated
with a displacement of the ring centroid indicates
an asymmetric contraction, whereas a decrease of
perimeter without centroid displacement indicates
a symmetric (concentric) ring contraction.
Scale bar represents 10 mm (B–B00), 5 mm (A, A0,
and D), and 4 mm (E–G).
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Septin Functions in Epithelial Cytokinesisconstriction in both orthogonal (Figure 3D, n = 17) and planar
cell cytokinesis (Figure 3C, n = 19 for control, n = 8 for pnut).
This decreased contractility is associated with a change in
the organization of the apical part of the actomyosin ring. In
the control situation, Myo::mCherry starts assembling apicallyDevelopmental Cell 24, 242–255,immediately after initiation of the apico-
basal constriction in a fuzzy and thick
ring (Figure 3E) that resolves into a
sharper ring shrinking both in thickness
and width (t = 9:00, n = 6/6). In contrast,
in pnut mutant cells, the apical ring
remains fuzzy and thicker (Figure 3F,
t = 10:30, n = 8/8), although the basolat-
eral part of the ring seems unaffected
and the total amount of Myo::mCherry
in the ring is unchanged (Figure 3G). A
second defect in pnut mutant cells
concerns Anillin, an actin binding proteinthat binds septins and is a component of the contractile
ring (Field and Alberts, 1995). While localization of Anillin is
unaffected by the loss of Pnut, we note a z40% reduction in
the levels of Anillin present within the contractile ring (Fig-
ures 3H–3K, n = 11). Based on the effect on Myo::mCherry andFebruary 11, 2013 ª2013 Elsevier Inc. 245
Figure 3. Loss of Pnut Causes a Decrease in Actomyosin Contractility
(A–B0) Time-lapse imaging of E-Cad::GFP (green) and Myo::mCherry (red) in wild-type (A and A0) and pnutXPmutant (B and B0 ) epidermal cells. (A–B0) Orthogonal
sections parallel to the contractile ring. The t = 0:00 corresponds to anaphase.
(C) Graphs plotting the apicobasal and junctional diameter of theMyo::mCherry contractile ring in thewild-type (blue line, n = 19) and pnutXPmutant (red line, n = 8)
cells over time, and the distance of the ring centroid relative to AJ (average ± SD). The diameters are expressed as a ratio, time in min.
(D) Quantitation of the average time to go from anaphase to completion of constriction in pIIb (control, n = 7) and pIIb-like (pnutXP, n = 17) cells.
(E and F) Apical confocal sections taken from time-lapse imaging of E-Cad::GFP andMyo::mCherry in control (E) andpnutmutant (F) epidermal cells. Time is inmin:s.
(G) Normalized intensity of Myo::mCherry in the contractile ring of control (blue) versus pnut mutant (red) epidermal cells over contractile ring area.
(H–J0) localization of Anillin (red), phospho-Histone H3 (PH3, Blue) and nls::GFP together with E-Cad::GFP (green) in wild-type (H, I, and I0) and pnut mutant
(H, J, and J0, identified by the loss of nuclear GFP) cells. (I) and (J) and (I0) and (J0 ) are confocal sections of the same cells separated by 3 mm. (H) Lowmagnification
of the wild-type (arrow) and the pnut mutant cell (arrowhead) shown in (I) and (I0) and (J) and (J0), respectively.
(K) Normalized intensity of Anillin in the contractile ring of control (blue) versus pnut mutant (red) cells (n = 11) (average ± SD).
Scale bars represent 5 mm (E, F, and H–J0) and 2.5 mm (A–B0).
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the actomyosin meshwork to ensure the proper contraction of
the ring.
How does this reduced contractility impact planar cell cytoki-
nesis? Quantitative analysis reveals that while the apicobasal
constriction starts as fast as in control cells but slightly slows
down after one minute, the contraction at the level of AJ is246 Developmental Cell 24, 242–255, February 11, 2013 ª2013 Elsevimmediately and severely delayed and reduced (Figure 3C).
Only basal to apical constriction eventually proceeds all the
way to the apical belt of AJ in a strictly asymmetric fashion
(Figure 3C), the ring evolving from a circular shape (Figures 3B
and 3B0, t = 5:00) to an ultimately oblong shape (t = 11:00). In
contrast to the control, the switch to a symmetric contraction
phase and the apparent ring detachment from the junction doier Inc.
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Septin Functions in Epithelial Cytokinesisnot occur in pnut mutant cells. This latter observation, plus the
fact that the ring is never connected to AJ during septin-indepen-
dent pIIb cell cytokinesis, prompted us to analyze E-Cadherin
behavior and the formation of AJ between the two daughter cells
during planar divisions.
Formation of AJ during Planar Cell Cytokinesis
We first investigated the localization of apical and basal markers
during planar cell division of epidermal cells. The apical markers
PAR-3 (Bazooka, Baz), Crumbs (Crb::GFP), Notch (NiGFP), and
E-Cad localize apically throughout mitosis (Figures 4A–4C),
while the septate junction marker Discs-large remains localized
on the lateral membrane (data not shown). These observations
suggest that the integrity of the epithelial barrier is preserved
throughout cell divisions. Next, to analyze the formation of AJ,
we imaged E-Cad::GFP together with PH::RFP (Figures 4D–
4F00; Movie S4). At the onset of anaphase, while asymmetric
furrowing begins, E-Cad::GFP and PH::RFP present within AJ
are homogenously distributed (Figures 4D and D0, t = 0–3:48).
When the symmetric phase of furrowing begins, the membrane
ingresses within the plane of the AJ (Figures 4D and D0
t = 3:48–6:20 arrows at t = 5:04). Concomitantly, the intensity
of E-Cad::GFP within the ingressing membrane decreases while
that of PH::RFP remains constant (Figures 4D and inset E–E00
arrowhead, quantitated in G, blue line). The ingressing
membranes dividing the sister cells are initially separated (Fig-
ure 4D green arrows and inset, t = 6:20). The space between
the two ingressed membranes corresponds to the cytoplasm
of the neighboring interphasic cell (Figure 4D, t = 7:36 and see
below). The ingressing membranes are next being closely juxta-
posed to form a long interface between daughter cells (from
t = 7:36–12:40). Concomitantly, E-Cad::GFP is progressively en-
riched at this interface between the daughter cells until it reaches
similar levels as in surrounding interphasic cells (Figures 4D, 4F,
and 4F0 and quantitated in Figure 4G, red line). Similar dynamics
of E-Cad::GFP are observed during SOPmitosis suggesting that
it is a mechanism shared by symmetric and asymmetric planar
cell divisions (Figures S2A and S2B).The majority of E-Cad::GFP
signal detected at AJ was previously shown to correspond to ho-
mophilic adhesion clusters while the pool of monomeric and
freely diffusing E-Cad::GFP exhibits a weaker fluorescence
(Cavey et al., 2008). Thus, the z50% decrease in the mean
intensity of E-Cad::GFP signal in the ingressed membrane (Fig-
ure 4G) is consistent with the interpretation of disengagement
of E-Cad homophilic interactions between the mitotic cell and
its neighbors, hereafter referred to as adhesion disengagement.
Some stable punctae of E-Cad::GFP could be detected at the
daughter cell interface and appear as straight lines on the kymo-
graph (arrowhead in Figure 4F00, see also Figure 6B00). Those
punctae might correspond to sites of homophilic adhesion clus-
ters previously described (Cavey et al., 2008).
Collectively, these observations indicate that a specific feature
of planar cell cytokinesis is the formation of an apical interface
between daughter cells on which AJ are formed. These observa-
tions contrast with the cytokinesis of nonepithelial cells that re-
mained connected by a thin cytoplasmic bridge until abscission
occurs, raising the question of what dictates the formation of
a long apical interface and whether it contributes to the remod-
eling of AJ that takes place during planar cell division.DevelopmActomyosin-Driven Tension Induced by Neighboring
Cells Impacts the Formation of AJ between Daughters
A fundamental difference between isolated and epithelial cells is
the presence of neighbors possessing E-Cad adhesive belts
coupled to the cortical actomyosin network. The latter exerts
opposing forces to that of the contractile ring in dividing cells.
Time-lapse imaging of E-Cad::GFP together with Myo::mCherry
reveals the existence of two pools of myosin (Figures 5A and 5C;
Movie S5). There is a first pool of Myosin in the contractile ring
that contributes to furrowing (Figures 5A and 5A0, t = 4:30, arrow
in Figure 5C). During symmetric furrowing as the E-Cad::GFP
membranes are ingressing, a second pool of Myo::mCherry is
detected at the rim of the contractile furrow (t = 4:30, Figures
5A and 5A0, and arrowheads in Figures 5B and 5C). Time-lapse
imaging of E-Cad::GFP during cytokinesis of cells located at
boundaries of nls::RFP-labeled clones reveals that the interpha-
sic cells are stretched by the mitotic cells, as visualized by the
presence of the cytoplasm of neighboring cells that follows the
ingressing membranes (Figures 5D and 5E, arrow and arrow-
heads). Thus as the ring contracts, the neighboring interphasic
cells are pinched off at the rim of the furrow and react by recruit-
ing Myo::mCherry. This pool of Myo-mCherry persists until the
close juxtaposition of the membranes separating daughter cells
(Figure 5A, t = 9:00). This results in the formation of a long inter-
face between daughter cells on which new E-Cadherin contacts
take place. We also infer that the neighboring cells exert traction
forces on the dividing cells that are opposite to the ingression in
mitotic cells (Figure 5G, yellow arrow). Indeed, ingression of
E-Cad::GFP membrane and E-Cad junction disengagement
(Figures 5F and 5G, red arrowheads) are delayed when an
E-Cad vertex of the neighbor faces the edge of the cleavage
furrow. Furthermore, the presence of such vertices induces an
increase in the flattening of the contractile ring (Figure 5H), sug-
gesting that higher tensile forces from neighboring cells oppose
the lateral contraction of the ring. These observations reveal
a mechanism of competition between the contraction of the
ring and the tension mediated by E-cad homophilic interaction
with neighboring cells. These data suggest that ring constriction
must reach a threshold to bypass the adhesion strength induced
by the neighbors and to allow adhesion disengagement,
a prerequisite for AJ formation between daughter cells.
Adhesion Disengagement Is Defective in pnutMutant
Cells
In the control situation, the initiation of adhesion disengagement
visualized by the decrease of E-Cad::GFP mean intensity signal
in the ingressing membranes occurs on both sides (Figure 6A,
arrows; Movie S6) prior to the formation of the new E-Cad::GFP
interface separating the daughter cells (Figures 6A–6B00,
t = 21:00, green arrowhead in B00). In contrast, in pnut mutant
cells, the delayed contractility is accompanied by defective re-
modeling of AJ (Figures 6C–6F00, quantitated in 6G; Movies S7
and S8). Indeed, in 34% of pnut mutant cells (n = 17/50), adhe-
sion disengagement is asymmetric (Figures 6C and 6C0, arrow
at t = 3:00). Following maximal constriction (t = 42:00), the
E-Cad::GFP junction between daughter cells elongates.
However, the junction is unattached on the side where adhesion
disengagement failed to occur (Figures 6C and 6C0, arrow at
t = 1:09:00). As a result, the nascent junction that elongatesental Cell 24, 242–255, February 11, 2013 ª2013 Elsevier Inc. 247
Figure 4. Remodeling of AJ during Planar Cell Division
(A and A0) Localization of endogenous E-Cad (green), Bazooka (Baz, red), and Pnut (blue) in telophase of epidermal cell. (A and A0) Confocal sections taken at the
level of AJ (A) and the contractile ring (A0), respectively.
(B and C) Time-lapse imaging of Crumbs::GFP (B) and Notch (C) in dividing epidermal cells. Single apical sections are shown.
(D–F00) Time-lapse imaging of E-Cad::GFP together with PH::RFP in dividing epidermal cells. (E–E00) High magnifications of the inset depicted in (D) at t = 6:20. (D0)
Orthogonal sections perpendicular to the cleavage furrow of (D), along the dashed line at t = 0. (F–F00) Kymographs of E-Cad::GFP and PH::RFP in the plane of AJ
at the site of furrowing (white box in D).
(G) Quantitation of the E-Cad::GFP maximal intensity present within the lateral membrane (nominated lateral in F) at the edge of the contractile ring during
cytokinesis (blue line, average of max intensity ± SD, n = 16, normalization to the E-Cad::GFP intensity before ingression) and within the nascent interface
(nominated interface in F) between the daughter cells (red line, average of max intensity ± SD, n = 11, normalization to the mean E-Cad::GFP intensity of the
surrounding AJ). Dashed black line indicates the time of AJ disengagement.
Time is in min:s. Scale bar represents 5 mm (A–D0 and F–F00). See also Figure S2 and Movie S4.
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Figure 5. Actomyosin-Driven Tension Induced by Neighboring Interphasic Cells Impacts on the Formation of AJ between Daughter Cells
(A and A0) Time-lapse imaging of E-Cad::GFP together with Myo::mCherry in dividing epidermal cell. (A and A0 ) Two consecutive apical sections separated
by 1 mm.
(B and C) High magnifications of the insets depicted in (A) and (A0) (t = 4:30), respectively. Myo::mCherry is found enriched in the contractile ring (arrows in C) as
well as at the edge of the ring in the neighboring interphasic cell (arrowhead in B).
(D and E) Time-lapse imaging of E-Cad::GFP during epidermal cell cytokinesis of cells located at the boundary of nls::RFP-labeled clones. In (D), the
nls::RFP-positive interphasic cell (*) adjacent to the nls::RFP-negative mitotic cell (#) is stretched toward the contractile ring (arrow, t = 3:00–6:00). In the converse
topology (E), when a nls::RFP-positive cell enter mitosis (*), the neighboring unlabeled cells are pinched off toward the contractile ring leaving a nls::RFP-negative
area (arrowheads, t = 6:00).
(F and G) Time-lapse imaging of E-Cad::GFP of epidermal cells. (F0 and G0) Kymographs showing the constriction within the plane of AJ (white boxes at t = 0:00) in
(F) and (G), respectively. The traction forces exerted by the vertex (yellow arrow) delays the timing of E-Cad disengagement (red arrowheads). Red dashed lines
delineate the presumptive center of the contraction in the plane of AJ and further illustrate the asymmetry in contraction when the vertex exerts pulling forces.
Time is in min:s.
(H) Graph plotting the maximum values of the ring flattening (ring lateral diameter/ring apicobasal diameter) in control epidermal cells depending on the absence
(as shown in F) or presence of 1 (as shown in G) or two vertices opposite to the position of the contractile ring, and in pnutXP mutant epidermal cells.
Scale bar represents 5 mm (A, A0, and D–G). See also Movie S5.
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Figure 6. Loss of Pnut Causes a Decrease in Actomyosin Contractility and an Impairment of AJ Remodeling
(A–F00) Time-lapse imaging of E-Cad::GFP (green) andMyo::mCherry (red) in wild-type (A–B00) and pnutXPmutant (C–F00) epidermal cells. (A, A0, C, C0, E, and E0 ) are
confocal sections within the plane of the epithelium at the level of AJ. In contrast to control cells, in cells mutant for pnut the remodeling of AJ is either only
observed on one side of the ring (C, arrow at t = 0:3:00, 34%of the cases n = 17/50) or not detected (E, 66%of the cases n = 33/50). The first category results in the
asymmetric elongation of a junction that is not stable (C, arrows at t = 1:09:00 and 1:33:00). (B–B00, D–D00, and F–F00) Kymographs of E-cad::GFP andMyo::mCherry
at the level of AJ from panels (white boxes at t = 0:00 in A, C, and E, respectively). In (B)–(B00), the red arrowhead indicates the time at which the ring seems to
detach from lateral AJ and begins to plunge basally, therefore disappearing from the kymograph. In pnutXPmutant cells, the actomyosin ring remains in the plane
of AJ until it detaches from E-Cad::GFP-positive AJ upon relaxation (red arrowheads in D0 and F). The green arrow in (B00) indicates the gradual appearance of
E-Cad::GFP clusters at the nascent AJ.
(G and H) Quantitation of the E-Cad::GFP maximal intensity present within the lateral membrane at the edge of the contractile ring during cytokinesis (blue line,
average of max intensity ± SD, normalization to the E-Cad::GFP intensity before ingression) and within the forming AJ (if exists) between the daughter cells (red
line, average of max intensity ± SD, normalization to the E-Cad::GFP intensity of the surrounding AJ in pnutmutant cells. (G) The plot for cells in which adhesion
disengagement takes place asymmetrically (as in C and C0). Arrow in (G) indicates the time of AJ disengagement (H) shows the plot for cells without adhesion
disengagement (shown in E and E0 ).
Time is in hr:min:s. Scale bar represents 5 mm (A–F00). See also Figure S2, and Movies S6, S7, and S8.
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t = 1:33:00; Movie S7) giving rise to a multinucleated cell. In
the second category of pnut mutant cells (66% of the cases,
n = 33/50), actomyosin-dependent constriction takes place in
the plane of E-Cad junctions and persists forz40 min (Figures
6E and 6E0, t = 3:00–37:30; Movie S8), but the mean intensity
of E-Cad::GFP at the edges of the contractile ring does not
decrease (Figure 6G), indicating that junction disengagement250 Developmental Cell 24, 242–255, February 11, 2013 ª2013 Elsevfailed to occur. Next, the contractile ring detaches without estab-
lishment of an interface separating the daughter cells, giving rise
to a binucleated cell (Figures 6E and 6E0, quantitated in 6H).
These two categories of phenotypes for E-Cad::GFP are also
observed in the absence of Myo::mCherry, indicating that
expression of the latter has no detectable effect on the pnut
loss-of-function phenotype (data not shown, n = 23). Delayed
contractility and defective junction establishment were similarlyier Inc.
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similar functions in symmetric versus asymmetric planar cell
divisions (Figure S2). Interestingly, the ring flattening observed
in control cells when vertices oppose ring contraction was
more pronounced in pnutXP mutant cells (Figure 5H), suggesting
that the ring inefficiently opposes the traction forces exerted by
neighboring cells.
Collectively, these data indicate that septins are needed to
accelerate the constriction of the actomyosin ring and trigger
adhesion disengagement between mitotic and neighboring
interphasic cells. On one side, the actomyosin contractile ring
exerts pulling forces on the belt of AJ made with the neighbors.
On the other side, the neighbor cells exert traction forces that
are opposite to that of the contractile ring. In this tug of war
between the tension mediated by the AJ and the contractile
ring, an optimal threshold of opposing forces is needed for
membrane ingression and adhesion disengagement. Increasing
the traction forces mediated by neighbors results in delayed
disengagement (Figures 5F and 5G). Decreasing the forces
mediated by the contractile ring (such as in septin mutants)
results in either a defect in (Figures 6C–6D00) or the complete
absence (Figures 6E–6F00) of E-Cad disengagement. A simple
prediction of the above data is that ring constriction and
adhesion disengagement at cytokinesis are intimately linked
by a tension-based mechanism.
Septin-Driven Contraction of the Ring Is Essential
for Adhesion Disengagement
We next performed three sets of experiments to test for this
putative tension-induced model to promote E-Cad disengage-
ment. We aimed to modulate the E-Cad-mediated tension
coming from surrounding cells and assess whether this could
impact on the pnut loss-of-function phenotype. In the first exper-
imental setup, we monitored the cytokinesis of pnutmutant cells
apposed to cells mutant for E-Cad (called shotgun inDrosophila,
shg) (see Experimental Procedures). Cells mutant for E-Cad are
predicted to exhibit reduced adhesive tension compared to
wild-type or pnut mutant cells. When pnut mutant cells divide
with their mitotic spindle aligned with E-Cad mutant clone
boundaries, E-Cad::GFP disengagement occurs on the side of
the cleavage facing the shg clone (Figure 7A, arrow at t =
19:30). When junction disengagement had occurred on the other
side of the cleavage furrow, new AJ form along the nascent
interface and give rise to two daughter cells (Figure 7A, cell 2,
n = 6/18; Movie S9). Such rescue of the pnut loss-of-function
phenotype is never observed when cells mutant for pnut divided
perpendicular to the shg clone boundaries (Figure 7A, cell 1, n =
0/13). In a second set of experiments, we made use of a laser-
based nanoablation setup to section cell-cell contacts between
interphasic neighbors andmitotic cells (Figure 7C). After removal
of the traction forces induced by neighbors, the mitotic cell
mutant for pnut immediately contracts as predicted from the
tug of war model. In a second phase, we observe that because
the effects of laser ablation are transient, tensile forces exerted
by neighbors are re-established (Figure 7C, arrowheads, t =
05:13) as the pnut mutant cell proceeds through cytokinesis In
45% of the cases, this is accompanied by the establishment of
a new interface between daughter cells on which AJ are formed
(Figure 7C, 45%of the cases, n = 10/22;Movie S10).We proposeDevelopmthat the transient decrease of the tension mediated by interpha-
sic neighbors allows for junction disengagement followed by the
formation of a new junction between sister cells, i.e., the partial
rescue of the pnut phenotype. Third, we performed the converse
experiment by increasing the stiffness of the tissue mutant for
pnutXP via E-Cad overexpression using the ubi-E-Cad::GFP
transgene. In this condition, the contraction in the plane of the
AJ is further delayed (3 min ± 30 s delay compared to pnutXP
mutant cells, n = 20), and junction disengagement never occurs
(Figure 7D, n = 13).
Taken together, these results strongly suggest that septins
drive the actomyosin constriction that bypasses the E-Cad-
based tension induced by the neighboring cells and allows adhe-
sion disengagement, a critical step during cytokinesis to enable
the formation of a new junction between daughter cells.
DISCUSSION
Here, we have investigated cytokinesis of Drosophila epithelial
cells and show that septins regulate the contractility of the
actomyosin ring during cytokinesis. While septins are shown to
be dispensable for completion of cytokinesis of orthogonal cell
division, their activity is strictly required for planar divisions. In
the latter, the cleavage furrow is initially asymmetric, resulting
in the displacement of the contractile ring toward the belt of
AJ. Our data also unravel a key role for neighboring cells in the
process of junction remodeling between daughter cells. Indeed,
the strength of the adhesive tension made with the neighbors
impacts the shape of the contractile ring and the timing of
E-Cad disengagement. We propose a model in which septin-
driven actomyosin constriction is essential to reach a threshold
of forces needed to disengage E-Cad contacts with neighboring
interphasic cells at the cleavage furrow, thereby allowing local
junction remodeling to ultimately enable establishment of the
new junction between daughter cells.
Septins Control the Contraction of the Actomyosin Ring
We have isolated four out of the five Drosophila septins and
provide evidence that they assemble into hetero-oligomers
in vivo, a notion fully supported by the fact that Pnut physically
interacts with Sep1 and Sep2 (Field et al., 1996). We confirm
that while the assembly of the contractile ring and asymmetric
furrowing do not require septin activity, septins contribute to
the proper regulation and contraction efficiency of the actomy-
osin ring. While the total amounts of Myo-II in the ring are
unchanged upon loss of Pnut, in the apical ring Myo-II is not
properly organized (Figures 3F and 3G). Mammalian Sept2, by
its virtue to bind Myo-II was proposed to serve as a platform
for myosin-II and Rho-activated myosin kinases to promote the
spatiotemporal activation and function of Myo-II during cytoki-
nesis (Joo et al., 2007). It is therefore plausible that Drosophila
septins contribute to the recruitment and activation of Myo-II
within the contractile ring. The activity of septins is alsomediated
through interaction with Anillin (Field et al., 2005; Maddox et al.,
2007; Oegema et al., 2000), which functions as a linker between
septins and Myosin. Septins and Anillin were shown to coop-
erate to stabilize the actomyosin ring (Field and Alberts, 1995;
Kechad et al., 2012; Kinoshita et al., 2002). Thus, the enlarged
apical myosin ring accompanied with the reduced levels ofental Cell 24, 242–255, February 11, 2013 ª2013 Elsevier Inc. 251
Figure 7. Pnut-Driven Contractility of the Actomyosin Ring Is Required for AJ Remodeling during Epidermal Cell Cytokinesis
(A) Time-lapse imaging of E-Cad::GFP (green) in cells mutant for pnutXP adjacent to E-Cad (shotgun, shg) mutant cells. Cells mutant for shg are recognized by the
loss of E-Cad::GFP. pnutmutant cells labeled 1 and 2 are adjacent to shgmutant cells. Adhesion disengagement and formation of a new AJ is taking place in cell
2, giving rise to two daughter cells (labeled 20). In cell 1, no adhesion disengagement is observed, and, followingmaximal lateral constriction (red arrowheads), the
cell becomes binucleated.
(B) Graph plotting the percentage of cells that undergo a complete cytokinesis and AJ reassembly between sister cells. Parallel indicates the cases in which the
mitotic spindle is aligned with the boundary of the shg clone. This situation is depicted below the histogram and is observed in cell labeled 2 in (A). Perpendicular
corresponds to the case in which the mitotic spindle is oriented perpendicularly to the boundary of the shg clone and is depicted below the histogram. This
situation is illustrated by cell labeled 1 in (A).
(C) Time-lapse imaging of E-Cad::GFP together with Myo::mCherry of pnutXP mutant epidermal cells. E-Cad::GFP junctions of interphasic cells surrounding the
mitotic cell (asterisks) were ablated using a laser beam. Photo ablation of AJ relieves the tension surrounding the mitotic cell resulting in the contraction of
the mitotic cell. This effect is transient, the traction forces are re-established as Myo::mCherry is recruited at the apical cortex (arrowheads). As a result, the
neighboring cells pull the mitotic cell again. AJ disengagement is taking place (arrows), and a new junction forms between daughter cells. This rescue of the
pnut loss-of-function phenotype is observed in 45% of the cases (n = 10/22).
(D) Graph plotting the contraction in the plane of the adherens junction (ratio) over time in control cells (blue, n = 21) or pnutXPmutant cells (red, n = 20) expressing
the functional E-Cad::GFP (endogenous levels of E-Cad), and in pnutXPmutant cells overexpressing E-Cad::GFP (ubi-E-Cad::GFP transgene, green, n = 13). The
overexpression of E-Cad causes a further delay in contraction (3 min ± 30 s, average ± SD).
Time is in min:s. Scale bar represents 5 mm (A and C). See also Movies S9 and S10.
Developmental Cell
Septin Functions in Epithelial CytokinesisAnillin observed in pnut mutant cells likely account for the
decreased contractility of the actomyosin ring both in planar
and orthogonal cell divisions.
In Drosophila S2 cells, Anillin was shown to coordinate the
transition from the contractile ring to the midbody ring (around
1 mm in diameter) that stabilizes the intercellular bridge until
abscission. Pnut, by binding to Anillin, was proposed to ensure252 Developmental Cell 24, 242–255, February 11, 2013 ª2013 Elsevthe stable anchoring of the midbody ring to the plasma
membrane beyond the contractile ring stage (Kechad et al.,
2012). The situation is different in the SO lineage because even
if cytokinesis takes twice as long, cytokinesis of orthogonal cell
division is completed in the absence of Pnut. Thus, septins are
dispensable for orthogonal cell divisions. In epidermal cells or
SOP mutants for pnut, the Anillin-positive actomyosin ringier Inc.
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from one side of the AJ belt before disappearing. It is therefore
conceivable that septins are required to maintain anchoring
of the ring to enable the contractile ring to midbody ring transi-
tion until abscission of cells that divide within the plane of the
epithelium. Importantly, we observe that the ring detaches
from the belt of AJ at which junction remodeling had not taken
place, pointing to a tight link between the attachment of the
actomyosin ring and the remodeling of the AJ.
Connecting Actomyosin Ring Contraction
and AJ Disengagement
We show that the cleavage furrow of planar cell division is initially
asymmetric, but in contrast to the one-cell C. elegans embryo
(Maddox et al., 2007), this asymmetry is septin-independent. In
planar cell cytokinesis, the initial asymmetric furrowing is
followed by a symmetric constriction that correlates with the
time of local disassembly of E-cad contacts within the cleavage
furrow, enabling the formation of a new junction between
daughter cells. In the absence of septins, the ring remains
anchored to the plasma membrane at the level of AJ, adopting
an oblong shape, and adhesion disengagement is defective.
We therefore favor a model in which furrowing asymmetry is
linked to the position of the belt of AJ. We propose that E-Cad
disengagement in the cleavage furrow relies on a tension-based
model in which two forces, those of the contractile ring in the
mitotic cell and the adhesive contacts with neighbors are in
opposition. An optimal balance between these two opposing
forces is needed to cause E-Cad disengagement. Accordingly,
efficient contraction mediated by the contractile ring would
locally bring forces above the threshold required for induction
of E-Cad disengagement and allow junction remodeling. In the
absence of septins, the slow kinetics of contraction would result
in the reduction of the strength of pulling on E-Cad junctions
such that the critical disengagement threshold is not achieved.
Our model of contractile anchoring to the belt of AJ is com-
patible with recent findings showing that for cytokinesis of
Drosophila spermatocytes, cadherin-catenin complexes can
substitute for septin-Anillin complexes to ensure the physical
coupling of actomyosin to the pseudo-cleavage furrow
(Goldbach et al., 2010). Expression of E-cad was shown to
rescue the anillin loss-of-function phenotype in spermatocytes
by recruiting a- and b-catenins to stabilize the actomyosin ring
at the equator. However, one major difference between sper-
matocytes and epithelial cells is due to the fact that the germ
cell cytokinesis is incomplete and the developing male germ
cells remain connected by intercellular bridges called ring
canals. Thus, dissociation of the ring from the membrane does
not occur in this system. In the case of epithelial cell cytokinesis,
two pools of Myo-II transiently coexist within the cleavage
furrow. The first one, linked to the E-Cadherin belt and organized
within the plane of the epithelium functions to maintain adhesive
forces and transmit tension. The second pool of myosin is
present in the contractile ring and is organized orthogonal to
the plane of AJ. Thus, these two pools are generating forces
perpendicular to each other. Whether septins control the local
disengagement of E-Cad contacts exclusively via a mechanical
property (i.e., the tension-based model) or through additional
nonmechanical but biochemical reactions such as local degra-Developmdation or endocytosis/recycling of E-Cad awaits further
investigations.
In Drosophila tissues homozygote mutant for pnut as well as
in the nematode depleted for septins, cytokinesis failures have
been observed in some but not all tissues (Adam et al., 2000;
Neufeld and Rubin, 1994). For cells dividing orthogonal to the
plane, there is no AJ opposing forces to the contractile actomy-
osin ring, and there is no junction remodeling taking place and
therefore, cytokinesis is completed. For planar cell division, the
prediction is that at a constant septin-driven actomyosin
contraction the timing of adhesion disengagement is expected
to vary proportionally to the E-Cadherin-dependent adhesive
strength of the epithelia. Accordingly, depending of the context,
completion of cytokinesis cells will rely on various septin-driven
actomyosin contraction. The model of septin-mediated forces
provides a rationale for the apparent discrepancies on the
requirement of septins for completion of epithelial cytokinesis
in various systems.
EXPERIMENTAL PROCEDURES
Drosophila Stocks and Genetics
Imaging
Live imaging was performed at 22C ± 3C as described in Langevin et al.
(2005). Fixed specimens and movies were acquired using a LSM Leica SP5
microscope (Figures 2A, 2A0, 2C, 2D–2F, 4, and 5F–5H), a LSM Leica SPE
(Figures 1I, 2G, 3, 5A–5E, 6, and 7E) or using spinning disc confocal
microscopy on a Nikon Ti-E microscope equipped with CSU-X1 disk, a Cool-
SNAP-HQ2 camera (Roper Scientific), a piezo stage, a 1003 plan Apo-NA 1.4
lens, 491 (50mW) and 561 (50mW) Lasers, under the control of theMetaMorph
Software (Figures 1C–1H, 2B, and S5).
Nanoablation
Laser nanoablation was performed using a Spinning confocal microscopy on
a Nikon Ti-E microscope equipped with CSU-X1 disk, an EMCCD 512 3 512
camera (Evolve, Photometrics), a 31000.5–1.3 Oil Iris lens (S Fluor, Nikon).
Ablation was carried out at the AJ plane using an iLas system with a pulsed
355 nm ultraviolet laser (Roper Scientific). The pulse was 120 ms at 10 mW
(n = 10). A second set of experiments was performed using a NLO LSM710
2-photon confocal microscope (Zeiss) and a 633 objective. Ablation was
carried out at the AJ plane with a 2-photon laser-typeMai-Tai HP from Spectra
Physics set to 800 nm, with a laser power of 18% (n = 12). Similar results were
obtained with both setups.
Immunofluorescence and Antibodies
Pupal nota were dissected from staged pupae and fixed and stained as
described in (Langevin et al., 2005). Primary antibodies were mouse anti-
Pnut (4C9H4, 1:100), rabbit anti-Numb (gift from Y.N. Jan, 1:1,000), rabbit
anti- Baz (gift from A. Wodarz, 1:4,000), rat anti-DE-Cad (DCAD2, 1:200),
mouse anti-Cut (2B10, 1:1,000), rat anti-Elav (7E10,1:100); rat anti-Su(H) (gift
from F. Schweisguth, 1:1,000), mouse anti-GFP (Roche, 1:300), rabbit anti-
GFP (Molecular Probes, 1:2,000), guinea pig anti- Senseless (gift from
H. Bellen, 1:4,000), and rabbit anti-Anillin (gift from J. Brill, 1:500). The Cy2-,
Cy3-, and Cy5-coupled secondary antibodies (1:500) were from Jackson’s
Laboratories. Alexa-488-, Alexa-532, and Alexa-546-coupled secondary anti-
bodies were from Molecular Probes.
Image Analysis and Quantitation
Basal and Apical Constriction Rates. Control and pnutXPmutant epidermal
cells expressing Myo::mCherry and E-Cad::GFP were sliced perpendicularly
to the plane of the epithelium to visualize the contractile ring as shown in
Figures 2F and 2G. The contractile ring shape wasmanually segmented based
on the Myo::mCherry signal, every 30 s starting 2 or 3 time points before the
first contraction is observed and stopping when the ring got too small to be
precisely outlined. The perimeter of the ring, its centroid position and its apico-
basal diameter (the distance between the most apical and the most basal
points of the ring, see schematical drawings on Figure 3C) were measured
from this segmentation. The ring position measure displayed in Figure 2Hental Cell 24, 242–255, February 11, 2013 ª2013 Elsevier Inc. 253
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and the level of the adhesive belt (based on the E-Cad signal) of neighboring
interphasic cells. The junctional diameter was also manually segmented and
measured for the same time points. This measure corresponds to the distance
between the two points of the ring at the level of E-Cad::GFP marking the AJ
of the dividing cell (see Figure 3C) before the ring detached from the adhesive
belt, and to the distance between the two most lateral points of the ring once
the ring had detached. The measured values were precisely temporally real-
igned before being averaged based on the first decrease of the perimeter
we could observe once we plotted the evolution of the perimeter over the
time. We normalized the perimeter, the apicobasal diameter and the junctional
diameter to the value measured at the time point preceding the contraction.
E-Cad::GFP Intensity, Myo::mCherry, Anillin. The Myo::mCherry intensity
in the contractile was measured as follows: the previously segmented rings
shapes (see basal and apical constriction rates) were dilated for 1.2 mm in
a band encompassing the whole ring, and the signal density was measured
on sum projections of orthogonal slices covering the whole ring over every
measured time points. To assesswhetherMyo::mCherry quantity was affected
over the course of rings constriction, signal density was plotted over the area in
which it was measured. Similar analyses were performed to measure the
amounts of Anillin in the contractile ring (results expressed asmean intensities).
The E-Cad::GFP intensity during membrane ingression was measured over
the time by averaging the three highest values of a plot profile crossing per-
pendicularly the AJ of the dividing cell. Each side of the dividing cells were
analyzed individually. The values were normalized to interphasic cell junctions
analyzed similarly. The E-Cad::GFP intensity at the newly forming junction
was measured on kymographs such as those shown on F.5G0,F0. The area
between the two lines corresponding to the dividing junction was manually
segmented and every pixels intensities were summed at every line (i.e., at
every time point on kymographs).
Every intensity measure was carried out after background subtraction and
was subsequently corrected for photobleaching.
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